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1.0 INTRODUCTION AND OBJECTIVE

On behalf of ExxonMobil Oil Corporation, TRC submits this Natural Attenuation (NA) Study
Report and Corrective Action Plan (CAP) for ExxonMobil Oil Corporation Service Station 18-
HET (Site), located at 1465 South Main Street in Santa Ana, California (Figure 1). This report
1s prepared pursuant to the TRC Natural Attenuation Groundwater Sampling Workplan dated
October 1, 2004 (TRC, 2004a).

The objective of the NA study is to determine whether NA is occurring at the Site, as indicated
by:

» Laboratory and field measurements of select NA parameters for groundwater samples
collected in the source area, and upgradient/downgradient of the source area.

* Trends in dissolved-phase hydrocarbon concentrations, particularly in the absence of active
remediation by groundwater pump-and-treat.

The objective of the CAP is to recommend a pathway toward achieving site closure, including the
most feasible, practical, and cost effective remedial approach.

2.0 SITE DESCRIPTION

The Site is located at the northeast corner of the intersection of Edinger Avenue and Main Street
in Santa Ana, California, and is an active gasoline service station (Figures 1 and 2). Station
facilities include the following:

e Three gasoline double-walled fiberglass underground storage tanks (USTs), including:
o One 12,000-gallon regular unleaded.
o One 10,000-gallon special unleaded.
o One 10,000-gallon super unleaded.
- o One 1,000-gallon used oil UST.
e Three dispenser islands.
 Fiberglass containment boxes situated beneath each dispenser and UST fill ports with fill boxes
‘to provide additional containment.
¢ A leak detection system to monitor the USTs and the product lines.
» Station building has a small mini-mart store area, storage area, and three service bays. Three
hydraulic hoists are located in the station building with one being in each service bay (Figure 2).
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Adjacent properties relative to the Site include the following:

» The adjoining shopping center that includes the former Mobil site is located to the north and
east, and includes a dry cleaner facility.

* A former Texaco Station (now an American Eagle auto repair facility) is located across Edinger
Avenue to the south.

¢ A medical clinic, shops, and a vehicle service garage are located across Main Street to the west.

¢ A Jack-in-the-Box restaurant is located across the intersection of Main Street and Edinger
Avenue to the southwest.

See Figure 2 for the site plan and intersection map that shows these properties surrounding the Site.

3.0 GEOLOGY AND HYDROGEOLOGY
3.1  REGIONAL GEOLOGY

The Site is located on the western portion of the Downey Plain within the Coastal Plain of Orange
County (Herndon, 1992), at an elevation of approximately 74 feet above sea level (National
Geodetic Vertical Datum [NGVD] - 1929). This area is bounded by the Santa Ana Mountains to
the north and east, and San Joaquin Hills to the south (California Division of Mines and Geology
fCDMG], 1985). The deepest identified formation beneath the Site is the Pico formation, which is
overlain by the San Pedro formation and Recent deposits. The Recent deposits consists of sand and
sandy clay to a depth of approximately 140 feet below grade (fbg) (United States Geological Survey
[USGS], 1956). The Santa Ana River is approximately 3 miles west/northwest of the Site and the
Pacific Ocean is approximately 8.7 miles to the southwest (USGS, 1981).

3.2~ REGIONAL HYDROGEOLOGY

The Site is located in the southeastern portion of the Santa Ana Pressure Area within the Orange
- County Groundwater Basin. The Pressure Area (including both Santa Ana and Irvine Pressure
Areas) is defined as the portion of the basin where significant quantities of surface water and
shallow groundwater are inhibited from percolating into the major producing aquifers by clay and
silt layers at shallow depths (Herndon, 1992).

The Pressure Area is characterized by three major aquifer systems - Upper, Middle, and Lower.
The Upper Aquifer system has an average thickness of approximately 800 feet. Near-surface semi-
perched groundwater in the Pressure Area occurs at depths of less than 50 fbg with substantial
clayey or silty sediments in the shallow subsurface. The shallowest principal aquifer in the area of

2
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the Site is the Talbert Aquifer, which may be present at depths of approximately 80 fbg. The main
production aquifers in the Pressure Area arc generally present at depths between 300 and 500 fbg,
and behave as confined or “pressure” aquifers (Herndon, 1992).

Water quality suitable for domestic use occurs in the fresh water production aquifers that are
landward of the Newport-Inglewood Fault Zone. The Site is approximately 5 miles landward of the
fault zone. Near-surface semi-perched groundwater is of poor quality and is not used for
production (California Department of Water Resources [DWR], 1967).

Production wells within a one-mile radius of the Site include the following (Orange County
Water District [OCWD], 2002):

¢ City of Santa Ana Well No. SA-26 is located approximately 4,200 feet east/southeast of the
Site. The top of well perforations start at 330 fbg.

e Irvine Ranch Water District Well No. IRWD-5 is located approximately 4,600 feet south of
the Site. The top of well perforations start at 554 fbg.

The OCWD records indicates these wells are beneficial for public drinking, industrial, and
agricultural uses.

33  LOCAL HYDROGEOLOGY

Subsurface soils observed during previous investigations at the Site consist of clays, silts, and fine
sands. These finer-grained materials are predominantly located from surface to approximately 25
fbg. Sandy soils are generally below 25 fbg.

The average depth to near-surface groundwater beneath the Site measured on August 2, 2004 was
approximately 20 fbg with a groundwater gradient and flow direction of 0.014 feet per foot (ft/ft) to
the east-northeast (TRC, 2004b). Over the last several years, groundwater levels have fluctuated
approximately 3 to 4 feet, and are presently on the lower elevation (decper) segment of that
fluctuation.
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40 BACKGROUND
4.1  PREVIOUS SOIL ASSESSMENT ACTIVITIES

From September 1986 to August 2000, 19 monitoring wells (MW-1 through MW-19), four vapor
extraction wells (VW-9 through VW-12), two vapor probes (PZ-1 and PZ-2) were installed and
six soil borings (B-1 through B-4, SB-1 and SB-2) were drilled. Maximum concentrations in soil
include the following (WW Irwin, 1996; Alton Geoscience, 1998a; Kleinfelder, 2000):

e Total petroleum hydrocarbons with gasoline distinction (TPH-G): 12,000 milligrams per
kilogram (mg/kg) in Boring B-4 at 20 fbg.

¢ Benzene: 99 mg/kg in Boring B-4 at 20 fbg.

¢ Methyl tertiary butyl ether (MTBE) and tertiary butyl alcohol (TBA) were only analyzed in
soil samples collected from Boring MW-19 and were non-detect (ND).

Refer to Appendix A for a summary of historical soil analytical results.
4.2 PREVIOUS GROUNDWATER ASSESSMENT ACTIVITIES

Groundwater monitoring and sampling activities have been conducted at the site since 1990, The
groundwater flow direction has generally been to the east. Hydrocarbon-affected groundwater
has generally been detected in the vicinity of the USTs. The matrix on the next page provides a
summary of maximum historical hydrocarbon concentrations versus recent conditions

(concentrations in micrograms per liter [ug/1]).

MAXIMUM HISTORICAL MAXIMUM RESULTS IN FOURTH
PARAMETER VALUES  QUARTER 2004
Liquid-Phase Hydrocarbons
(LPH) 1.21 feet in MW-1 in June 1998 None (Last detected in October 2001)

Dissolved-Phase TPH-G 71,200 pg/lin Wellglggg[WJ in December 42,200 pg/l in Well MW-12
Dissolved-Phase Benzene 13,000 g/l im Well;gf)w'd’ in September 746 pg/t in Well MW-7
Dissolved-Phase MTBE 3,650 pgl in Well MW-17 in May 2002 100 pg/l in Well MW-16

Dissolved-Phase TBA 21,000 pg/tin W;gé\l/IW—l'? in October 2,060 pg/! in Weﬂ MW-17
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Refer to Appendix B and the TRC Fourth Quarter 2004 Status and Groundwater Monitoring and
Sampling Report for additional details. Refer to Section 5.0 for dissolved-phase TPH-G,
benzene, and TBA concentration trends in selected wells.

4.3 STATION UPGRADE ACTIVITIES

In July 1986, a waste-0il UST was removed from the site and a 1,000-gallon waste oil UST was
-installed in its place. Laboratory analytical results of soil samples collected during excavation
activities identified hydrocarbon-affected soil (WW Irwin, 1996).

In December 1993, the fuel dispenser islands were replaced.
4.4 REMEDIAL TESTING
44.1 Groundwater

In July 1992, a slug, step-drawdown, and constant-rate groundwater pumping test was conducted
at the Site to determine the hydrogeologic characteristic of the near-surface water-bearing zone
underlying the site. Head drawdowns from the slug tests ranged from 0.8 to 1.9 feet with eighty
percent recovery ranging from 1 to 82 minutes. A sustainable pumping rate of 0.2 gallons per
minute (gpm) was determined from step-drawdown pump testing conducted using Monitoring
Well MW-8. A constant-rate discharge pumping test was subsequently conducted by pumping
groundwater from Monitoring Well MW-8 at a rate of 0.2 gpm for a period of 320 minutes, and
observing the water level drawdown in Monitoring Well MW-5. Analysis of the groundwater
pump testing results suggest that the near-surface water-bearing zone underlying the site appears
to be unconfined. An average hydraulic conductivity of 0.14 foot/day, a drawdown distance of
influence of 40 feet from a pumping well, and an average groundwater seepage velocity of 8.2
feet per year was calculated from the tests (Alton Geoscience, 1998a).

4.42 Soil Vapor Extraction

In June 1992, a soil vapor extraction (SVE) test was performed at the Site to determine the
feasibility of remediating adsorbed-phase hydrocarbons beneath the site using in situ vapor
extraction technology. Testing was performed utilizing Vadose Monitoring Well VW-9 and
Groundwater Monitoring Wells MW-1 and MW-6, to evaluate the permeability of the vadose
zone to air and to determine the estimated radius of influence. High vacuum levels in the vapor
extraction wells (approximately 200 inches H»0O), low flow rates (5 to 6 cubic feet per
minute[cfm]), and the absence of vacuum communication in the observation wells were
indicative of the low- permeability soils beneath the Site (Alton Geoscience, 1998a).

5
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[n January 1996, a second vapor extraction test was performed at the Site by W. W. Irwin.
Testing was performed utilizing Vadose Monitoring Wells VW-11 and VW-12. The results were
similar to the initial vapor extraction test in which high vacuum levels in the vapor extraction
wells (approximately 150 inches H,O), low flow rates (5.5 to 11.5 standard cubic feet per
minute[scfm]), and a absence of vacuum communication in the observation wells were indicated
(W. W. Irwin, 1996). '

443 Biovent Testing

In November 1997, a respiration test was conducted at the Site to determine the effectiveness of
bioventing as a remedial option. From the test results, a calculated rate of oxygen reduction
(oxygen utilization rate [K,]) for the vadose zone in the vicinity of the hydrocarbon-affected soil
was approximately 0.13 % per hour or 3.5 % per day, which equates to a biodegradation raie (Kg)
of approximately 2.8 mg/kg per day (Alton Geoscience, 1998a).

45  REMEDIAL ACTIVITIES

In July. 1986, approximately 76.5 cubic yards of waste-oil affected soil was excavated during
waste-o0il tank removal activities. Residual waste-oil affected soil was not removed from beneath
the station building.

Monthly bailouts and service of a downhole product skimmer for the removal of LPH from
Monitoring Well MW-1 was initiated in July 1997. LPH removal and maintenance of the skimmer
has been discontinued due to minimal effectiveness in product recovery. In March 2002, a
Soakease bailer was installed in offsite Well MW-12 for LPH removal, with approximately 2
gallons of LPH being removed. The Soakease bailer was removed in April 2003 due to product no
longer being detected in this well. |

In July 1997, monthly pumpouts/bailouts of groundwater/LPH from Well MW-1 was initiated. In
addition, monthly groundwater pumpouts from Wells MW-6, MW-7, MW-11, MW-12, and MW-
17 were initiated in October 1997 for MTBE plume containment. From July 1997 to May 2003,
- approximately 32,900 gallons of hydrocarbon-affected groundwater was removed during manual
bailouts and vacuum truck pumpouts. Due to decreasing and eventual asymptotic hydrocarbon
concentrations in groundwater, overpurge pumpouts of on- and off-site wells were discontinued in
May 2003.

From December 1997 through March 1998, monthly 8-hour dual-phase vapor extraction events
were conducted on Wells MW-1, MW-6, MW-17, and TCW to remediate LPH. LPH thickness in
Well MW-1 was reduced from a maximum thickness of 0.70 feet in April 1997 to 0.02 feet in
January 1998. Approximately 2 gallons of hydrocarbons and 5,000 gallons of hydrocarbon-affected

6
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groundwater was removed (Alton Geoscience, 1998b). LPH is not detected at the Site since
February 2002. Refer to Appendix C for the dual-phase extraction summary sheet and dual-phase
extraction data and graphs.

50 TRENDS IN GROUNDWATER CONCENTRATIONS

Groundwater monitoring and sampling has been conducted at the Site since 1990. The maximum
TPH-G, benzene, and TBA concentrations in groundwater have generally been detected in
Monitoring Wells MW-1, MW-7, MW-12, and MW-17. Recent groundwater trends that are
associated with these wells from November 2002 to November 2004 are examined in the
matrices below and on the following page (described by the most representative general trends
and range of values; concentrations in pg/l).

RECENT DISSOLVED-PHASE TPH-G AND BENZENE CONCENTRATIONS TRENDS IN WELLS
NOVEMBER 2002 TO NOVEMBER 2004

WELL C};éfT TPH-G BENZENE
MW-1 1 Ranging between 11,000 ug/l and Ranging from 1,140 ug/1to 1,480 g/l in
' 14,200 ug/l from November 2002 to February and May 2003. Decreasing to less
May 2003. Decreasing to 2,340 ug/l than 320 pg/l from August 2003 to February
in November 2003. Increasing to 2004 and less than 35 ug/l from May 2004 to
between 25,000 pg/l and 26,700 pg/l November 2004.,
in February and May 2004.
Decreasing to 2,740 pg/l in August
2004 and 3,990 in November 2004.
MW-7 2 Ranging from 14,500 pg/l to 47,500 Ranging from 599 pg/l to 1,440 pg/l from
ug/l from November 2002 to November | November 2002 to November 2003,
2004. : Decreased to 350 pg/l in February 2004,
Increasing slightly and ranging between 628
pg/l and 950 pg/l from May 2004 to
November 2004.
Increasing from 925 ug/l in November | Increasing from 30.9 ug/l in November 2002
2002 to 8,760 pg/l in August 2003 to to 196 ug/l in May 2003 to 607 ug/l in August
MW-12 3 21,000 ng/l m August 2004 to 42,200 2003. Decreasing to 48 pg/l in February 2004
ng/l in November 2004, and ranging between 271 pg/l and 470 pg/l
. ' from May 2004 to Noventber 2004,
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RECENT DISSOLVED-PHASE BENZENE AND TBA CONCENTRATIONS TRENDS IN WELLS
NOVEMBER 2002 TO NOVEMBER 2004

(continued)
WELL | CHART BENZENE TBA
No.
MW-17 4 Decreasing from 1,090 pg/l in Decreasing from 11,100 pg/l in November
November 2002 to 717 pg/l in May 2002 to ranging between 2,060 nug/1 and 4,200
2003 to 555 pg/l in August 2003 to 352 | pg/l from May 2003 to November 2004
pg/lin May 2004 to 144 pg/l in August | (exception of 6,920 pug/l in August 2004).
2004 to 19,6 pg/l in November 2004. '

Based on the matrices presented on the previous page and above and on Charts 1 through 4, it
appears that onsite benzene and TBA concentrations in Wells MW-1, MW-7, MW-12, and MW-
17 are stable or decreasing. TPH-G concentrations also appear to be stable or decreasing with
the exception of Well MW-12.

For additional details refer to Appendix B and the Fourth Quarter 2004 Status and Groundwater
Monitoring and Sampling Report.

6.0 NATURAL ATTENUATION STUDY

As applied to petroleum hydrocarbon-affected sites, NA is the physical, chemical, and biological
processes that naturally occur in soil and groundwater that promote the degradation/reduction of
the mass and mobility of petroleum hydrocarbons. These processes include aerobic/anaerobic
biodegradation, volatilization, adsorption, and dispersion. Of these processes, biodegradation is
the most prominent NA mechanism. Petroleum hydrocarbons and their constituents are generally
- biodegradable where indigenous microorganisms have an adequate supply of nutrients and
electron acceptors, and biological activity is not inhibited by substances toxic to the organisms.
Aerobic biodegradation tends to occur at the fringe of the dissolved plume and consumes oxygen
Anaerobic biodegradation is predominant in the source” area (USEPA, 1998).

Petroleum hydrocarbons are biodegraded via biological oxidation when electron donors and
electron acceptors are combined to produce energy for microbial growth and non-toxic metabolic
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byproducts. The matrix on the next page summarizes the methodology for evaluatmg the
presence of biodegradation of petroleum hydrocarbons occurring in groundwater;

METHODOLOGIES FOR EVALUATING THE PRESENCE OF
NATURAL ATTENUATION IN GROUNDWATER

CATEGORY PARAMETER SIGNIFICANCE IN NA EVALUATIONS
Dissolved-Phase | ¢ Decrease in concentration over time.
Electron Donor Hydrocarbons e Limited downgradient lateral extent.
{HCs)
* Aerobic process.
¢ Generally persists away from the source area.
‘ -¢ DO concentration > ~2 mg/!1 are favorable for aerobic
Dissolved Oxygen biodegradation; < ~0.5 mg/l not favorable.
(DG; Oy) ¢ DO decreases as aerobic respiration occurs.
* CO; and organic acids (increase in pH) are metabolic
by-products.
* Anaerobic process where DO has been depleted.
Nitrate *  Generally occurs near/within the source area.
(NO5) * NOj; decreases as anaerobic respiration occurs.
*  Metabolic by-products are N, and CO,.
* Anaerobic process where DO and NO;™ have been
Soluble Manganese depleted.
[Mn(ID] »  Generally occurs near/within the source area.
Electron Acceptors *  Mn(II) decreases as anaerobic respiration occurs,
‘ ®  Metabolic by-product is Mn(TV).
* Anaerobic process where DO and NO; have been
- depleted. .
Ferric Iron o Generally occurs near/within the source area.
[Fe(lID)] ¢ Fe(Ill) decreases as anaerobic respiration occurs.
¢ Metabolic by-product is Fe(Il).
¢ Anaerobic process where DO, NOy', and Fe(III) have
Sulfate been depleted.
(80.5) »  Generally occurs within the source area,
» SO, decreases as anaerobic respiration occurs.
e Metabolic by-product is H,S.
e Anaerobic process where DO, NOy, Fe(Ill), and SO,
have been depleted.
CO, ¢ Generally occurs within the source area.

CO, decreases as anaerobic respiration occurs.
Metabolic by-product is CH, (methanogenesis).

9
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METHODOLOGIES FOR EVALUATING THE PRESENCE OF
NATURAL ATTENUATION IN GROUNDWATER

(continued)
CATEGORY PARAMETER SIGNIFICANCE IN NA EVALUATIONS
' CO, and organic
acids (increase in Result of microbial aerobic oxidation of O,.
pH)
N, and CO, Result of microbial anaerobic reduction of NOy~.
Metabolic Soluble manganese
By-Products [Mn(TV] Result of microbial anaerobic reduction of Mn(II).
Soluble iron [Fe(ll)] Result of microbial anaerobic reduction of Fe(III).
- H,S Result of microbial anaerobic reduction of SO,*.
CH, Result of microbial anaerobic reduction of CQO,.
Dissolved Inorganic By-product of organic carbon oxidation.
Carbon Indicates the difference in microbial oxidation
processes inside versus outside the source area,
Oxidation / Indicates relative oxidizing or reducing nature of the
reduction potential groundwater system.
(ORP or Redox) May range from ~800 millivolts (mV) (oxygenated) to
<400 mV (reducing).
Microbes capable of degrading HC compounds prefer
Other pH pH values varying from ~6 to 8 standard units.
C.}eoch‘emmal, Reduced pH (increased acidity) associated with
onloglc_al, and increased carbonate hardness and alkalinity.
Physical Specific In : rration i .
Parameters pecific creases as ion concentration increases.
Conductivity
Temperature . The solubility of DO is temperature dependent, being
more soluble in cold water than in warm water.
-Alkalinity Increase above background levéls may be produced
when carbon dioxide is released by biological activity.
Dissolved and Total Index of microbial activity.
Organic Carbon Differentiate background from anthropogemc
(DOC) (man-made) sources.
Total Organic Relatively high amounts may be indicative of a
Carbon (TOC) reducing environment.

10
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METHODOLOGIES FOR EVALUATING THE PRESENCE OF
NATURAL ATTENUATION IN GROUNDWATER

(continued)
CATEGORY PARAMETER SIGNIFICANCE IN NA EVALUATIONS
: Biochemical ‘
Oxygen Demand | ¢  Measure of the rate oxygen is consumed by bacteria.
(BOD)
Other Chemical Oxygen | » Measure of oxygen used in biological and non-
Geochemical, Demand (COD) biological oxidation of materials in water.
Biological, and | Total Heterotrophic
Physical Plate Count (THPC) | ¢  Measure of the biological activity.
Parameters Gasoline Oxidizing | «  Estimation of bacteria that are known to be degraders
(continued) Population of gasoline.

To evaluate the NA processes taking place at the site and to determine if biodegradation of the
petroleum hydrocarbons is occurring, four groundwater samples were collected on November 22,
2004. Samples were collected from a total of four wells as follows:

¢ In source area in the vicinity of the gasoline USTs: Well MW-1.
¢ Crossgradient from the source area: MW-17.
¢ Upgradient from the source area: MW-2 and MW-6.

11
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Groundwater samples for the NA parameter screening included laboratory analysis for the
following analytes using the corresponding EPA test methods:

" ANALYTE . EPA TEST METHOD ANALYTE EPA TEST METHOD
Carbon Dioxide SM 4500- CO2D , Tron (I) SM 3500-FeD
Methane RSK-175M - | Total Organic Carbon 415.1
Total Alkalinity (as SM 2320B Dissolved Organic 415.1
CaCOs) Carbon
Chloride S 300.0 _ COD ©410.1
Nitrate (as N) 300.0 BOD 405.1
Carbon Dioxide SM 4500-CO2D ORP Field
Dissolved Oxygen Field pH Field
Temperature Field Conductivity Field
Sulfate 300.0 Heterotrophic Plate SM 9215 A-B
- Count
Ammonia 350.2 Gasoline Oxidizing Proprietary
: Population

The NA analytical data is summarized in Table 1. Groundwater monitoring and samplmg field
data sheets and analytical laboratory reports are included in Appendix D.

70 EVALUATION OF POTENTIAL FOR NATURAL ATTENUATION OF
PETROLEUM HYDROCARBONS

The matrix on the next page describes the results of NA parameter sampling and evaluates the
results in terms of the potential for NA occurrence at the Site:

12
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Wells and Location Relative to
Source Area

NA MW-1 | MW-17 | MW-2 | MW-6 | Evaluation of Presence of NA
Parameter
Source | Cross- | Up- Up-
Well | gradient | gradient | gradient

Heterotrophic Plate Microbial bacteria population present in

Count (CFU/ml) 6,300 190 690 180 the source area.

Gasoline Oxidizing ' Microbial bacterial population present in

Population 4,300 93 43 43 source area is capable of oxidizing

(MPN/ml) hydrocarbons.

BOD (mg/h) 38 6.7 4.4 ND< 1.0 | Oxygen being consumed by bacteria in
source zone.

COD (mg/l) 13¢ -~ 31 ND< 3.0 - 15 Oxidation occurring in source zone.

Total Organic 8.6 1 6.5 S22 1.9 “Microbial activily in source zone similar

Carbon (mg/1} - to activity cross-gradient and upgradient
due to absence of hydrocarbon mass.

Dissolved Crganic 6.4 9.8 3.1 2.5 Microbial activity in source zone similar

Carbon (mg/1) to activity cross-gradient and upgradient
due to absence of hydrocarbon mass.

Carbon Dioxide 34 50 45 30 Limited aerobic metabolic respiration

(mg/1) : taking place due to absence of
hydrocarbon mass.

Dissolved Oxygen 1.85 1.48 2.04 2.25 Oxygen consumption in source zone low

(field) (mg/D due to absence of hydrocarbon mass.

ORP (field) (mV) No No 27 -66 Inconclusive.

Reading Reading

Methane (pg/) 6.03 ND< 1.00 | ND< 1.00 | ND< 1.00 | More oxidation of hydrocarbons occurring
in source zone.

Total Alkalinity (as 260 830 290 250 Release of carbon dioxide and alkalinity

CaCOs) (mg/1) low due to absence of hydrocarbon mass.

Chloride (mg/I) 59 56 59 61 Rate of oxidation-reduction reactions in
source zone are low due to absence of
hydrocarbon mass.

Nitrate (as N) ND< 0.10 | ND< 0.10 1.6 ©2:0 Rate of oxidation in source zone are low

(mg/l) . due to absence of hydrocarbon mass.

Sulfate (mg/1) 510 450 1,100 620 Rate of oxidation in source zone are low
due to absence of hydrocarbon mass

Ammonia {mg/1) ND< 0.10 | ND< 0.10 | ND< 0.10 | ND< 0.10 | Rate of oxidation in source zone are low
due to absence of hydrocarbon mass.

Iron (II) (mg/1) ND< 0.10 { ND< 0.10 | ND< 0.1¢ | ND< 0.10 | Rate of oxidation in source zone are low
due to absence of hydrocarbon mass.

pH(field) 7.90 7.39 7.39 7.24 Inconclusive.

Temperature (field) 66.2 72.1 70.8 69.4 Inconclusive.

('F)

Conductivity (field) 1,530 2,300 2,110 1,550 Inconclusive.

{pohms/cm)

See Table 1 and Appendix D for field and laboratory analytical results.
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8.0 OVERVIEW OF FEASIBLE REMEDIAL ACTION

The CAP section of this document is intended to establish a pathway toward achieving site closure
utilizing the most technologically feasible, practical, and cost effective remedial approach for this
site to remediate the hydrocarbon-affected soil and groundwater. Discussions for each remedial
action alternative are presented in this section, and include the advantages, considerations,
economics, and site-specific feasibility/application. Remedial action alternatives presented in
this section include the following: :

1) Groundwater Pump-and-Treat (GWP&T)

2) High-Vacuum Vapor Extraction

3) Dual-Phase Extraction (DPE) and groundwater pumping
4) Enhanced intrinsic remediation in groundwater.

5) Monitoring and Sampling for Natural Attenuation

8.1 GROUNDWATER PUMP-AND-TREAT

GWP&T generally consists of: (1) downhole extraction of hydrocarbon-affected groundwater
using pneumatic or electric turbine pumps, (2) aboveground treatment, and (3) discharge of
treated effluent. This technology of extracting dissolved-phase contaminants from the subsurface
is most cost-effective at sites where the constituents of concern have a low adsorption coefficient
(1.e., MTBE and TBA).

The most common GWP&T process consists of passing recovered groundwater through a series
of granular activated carbon (GAC) canisters. Organic contaminants, particularly benzene,
toluene, ethylbenzene, and total xylenes (BTEX), MTBE, and TBA adsorb to the GAC beds and
are removed from the influent stream. Treated effluent water is typically discharged to a sanitary
sewer or storm drain in accordance with state or local permits obtained on a site-specific basis.
The GAC beds are removed for recycling when spent, and are replaced with fresh or regenerated
carbon. Coconut-shell GAC is more effective than standard GAC in treating MTBE in
~ groundwater.

e Advaniages: GWP&T may be effective in limiting the further migration (plume
containment) of hydrocarbons in groundwater, or lowering the groundwater level and
exposing the upper saturated zone for mass removal by vapor extraction (i.e., dual-phase or
multi-phase extraction). Studies and TRC’s work experience indicate that GWP&T is
effective in recovering dissolved-phase MTBE in groundwater.

¢ Considerations: Potential factors that may limit the effectiveness of GWP&T are: (1)
hydrogeologic factors, such as subsurface heterogeneity, and groundwater-bearing zones of
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very low-permeability; (2) a chemical's potential to become adsorbed onto the soil matrix;
and (3) potential difficulties in cost-effective treatment of oxygenated-affected groundwater
~ being treated by GAC.

e Estimated Cost: The cost for GWP&T operations may range from $40,000 to $80,000 per
‘year, with an initial capital expense ranging from $50,000 to $100,000.

o Site Application: GWP&T is not recommended as a practical remedial option. GWP&T is
not believed to be required to prevent the further migration or capture of hydrocarbons,
since concentrations appear to be attenuating by natural processes and hydrocarbons are not
migrating offsite.

8.2  HIGH-VACUUM VAPOR EXTRACTION

High-vacuum vapor extraction operations is a technology typically applied for the remediation of
hydrocarbon-affected soil in the vadose zone, but can also be utilized for extraction of the
capillary fringe and upper saturated zone if groundwater is lowered via GWP&T or high-vacuum
DPE. This method typically utilizes vapor extraction well(s) within the source area of the
hydrocarbon-affected soil zone to extract hydrocarbon vapors from the subsurface. A vacuum is
exerted on the vapor extraction well(s) utilizing a regenerative or positive-displacement blower,
and may be enhanced by use of in-line high-vacuum liquid-ring pumps. The vacuum generates
an air flow in the vadose zone toward the extraction well, and induces volatilization of gasoline-
range hydrocarbon constituents. These extracted hydrocarbon vapors from the subsurface are
treated onsite by aboveground vapor extraction/treatment systems that utilize catalytic oxidation,
thermal oxidation, carbon, or other suitable technologies.

o Advantages: This method has been proven successful in effectively removing volatile
gasoline components from permeable sotls.

¢ Considerations: Vapor extraction may be less effective in remediating volatile hydrocarbons
from low-permeability soils (clay and silt). Preferential air flow paths in heterogeneous soils
may inhibit air flow and volatilization in lower permeability soil strata. In low-permeability
soils and shallow groundwater conditions (i.e., 10 fbg or less), vapor extraction may not be
feasible due to rising water covering casing perforations; thus preventing vacuum
communication and air flow from the subsurface.

e Estimated Cost: For fixed-based high-vacuum SVE systems, the cost may range from
$50,000 to $75,000 per year, with an initial capital expense ranging from $100,000 to
$150,000. For periodic mobile high-vacuum SVE events, the cost may range from
$20,000 to $80,000 per year, without a capital expense.

e Site Application: High-vacuum SVE is not believed to be a feasible remedial option for this
'site. Previous high-vacuum vapor extraction events performed at the site were effective in
removing hydrocarbon mass from the subsurface. During the March 1998 event, a maximum
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8.3

concentration of 630 ppmv was detected in Well MW-1, which was reduced to 190 ppmv
after 8 hours of high-vacuum SVE operations. Trends in previous hydrocarbon vapor
concentrations indicate substantial decreases during the events, and suggests that the
remaining hydrocarbon mass may be limited. Even with mobile SVE events, the total mass
of soil hydrocarbon vapors had been previously reduced to the extent that additional events
are not required due to diminishing concentration/mass removal trends previously indicated.

DUAL-PHASE EXTRACTION AND GROUNDWATER PUMPING

DPE technology combines the simultaneous extraction of soil vapor and groundwater. This can
be achieved by high-vacuum simultaneous extraction of both vapor and groundwater, or utilizing
a combination of both traditional GWPT and SVE. technologies. By either approach, as
groundwater is extracted, the water table may locally depress and expose the soils in the capillary
fringe and uppermost saturated zone for vapor extraction. This high-vacuum approach can be
applied to soils with a broad range of permeabilities, but is more effective in higher-permeability
soils. Thermal or catalytic oxidation technologies are typically applied for the treatment of
~ hydrocarbon vapors. '

Advantages: This remedial approach may remediate exposed hydrocarbons in the capillary
fringe and upper saturated zones, particularly from permeable soil types that are absent of
clay. ‘

Considerations: The effectiveness is dependent on adequately depressing the local water
table to expose hydrocarbon-affected soil in the capillary fringe/upper saturated zone to vapor
extraction. A high yielding groundwater zone may not depress adequately, and may also
inhibit the flow rate capacity for vapor extraction. Low-permeability soils may inhibit the
effectiveness of vapor extraction in both the unsaturated zone and the dewatered portions of
the capillary fringe and upper saturated zone.

Estimated Cost: For fixed-based high-vacuum GWPT and SVE systems, the cost may range
from $80,000 to $120,000 per year. For periodic mobile DPE events, the cost may range
from $25,000 to $100,000 per year without a capital expense.

Site Application: DPE is not believed to be a feasible remedial option for this site. Previous
DPE events performed at the site were effective in removing hydrocarbon mass from the
subsurface. During the March 1998 event, a maximum concentration of 630 ppmv was
detected in Well MW-1, which was reduced to 190 ppmv after 8 hours of DPE operations.
Trends in previous hydrocarbon vapor concentrations indicate substantial decreases during
the events, and suggests that the remaining hydrocarbon mass may be limited. Even with
mobile DPE events, the total mass of soil hydrocarbon vapors had been previously reduced to
the extent that additional events are not required due to diminishing concentration/mass
removal trends previously indicated. S e
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8.4  ENHANCED INTRINSIC REMEDIATION IN GROUNDWATER

Intrinsic remediation is achieved when naturally occurring attenuation mechanisms, such as
biodegradation, result in the reduction in the total mass of hydrocarbons. In groundwater,
bacterial populations may utilize dissolved-oxygen for aerobic metabolic respiration of
hydrocarbons. Similarly, other electron-accepting ions may be utilized for anaerobic metabolic
respiration of hydrocarbons. Oxygen is thermodynamically the most preferred nutrient for
biodegradation, but may be deficient in supply. Increasing the oxygen availability may enhance
biodegradation processes, and can be provided by methods such as oxygen releasing compounds
(ORC) and dissolved-oxygen emitters.

~® Advantages: Enhanced bioremediation degrades hydrocarbons in groundwater and may be
more cost-effective than other remediation technologies. At active service station sites, this
remedial approach is typically less intrusive to station operations, with minimal construction
activities involved.

* Considerations: Aerobic biodegradation depends on the availability of nutrients and oxygen,
and is typically more effective in high-permeability groundwater zones. The presence of
dissolved BTEX may interfere with the effectiveness of enhanced biodegradation of
dissolved MTBE/TBA.

* Estimated Cost: For ORC, the cost may typically range from $5,000 to $25,000 per year.
For dissolved-oxygen emitters, the operation cost may range from $20,000 to $40,000 per
year, with a capital expense ranging from $10,000 to $25,000.

* Site Application: Enhanced bioremediation is not a feasible remedial option for groundwater
at this site. While some results from NA parameter sampling indicates that there is an
oxidizing population in the source area, other results indicate that the mass of hydrocarbons
in the source area may be low such that the addition of oxygen to enhance microbial activity
does appear to be necessary.

8.5 MONITORING AND SAMPLING FOR NATURAL ATTENUATION

- This approach provides for continuing groundwater monitoring and sampling until a time that
dissolved-phase hydrocarbon concentrations diminish/stabilize to levels that the regulatory
agency may approve for case closure.

* Advantages: For sites with existing biodegradation processes occurring, and if the length of
time to reach diminished/stabilized dissolved-phase hydrocarbon concentrations (ex., less
than two years), this approach will likely be most cost effective.

» Considerations: If the time it takes for dissolved-phase hydrocarbon concentrations to
diminish/stabilize is greater (ex., more than five years), this approach may not be the most
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cost effective.

» Estimated Cost: For this site, the cost will range from $5,000 to $7,500 per year.

* Site Application: This is a feasible alternative for this site. Considering the remaining stable
dissolved-phase hydrocarbon concentrations onsite, it is believed that conducting monitoring
and sampling- for a period of one year will provide enough evidence of hydrocarbon
concentration stability and limited mass that a request for regulatory closure can be submitted
at that time.

9.0 CONCLUSIONS
Based on the results of this NA study, the following is concluded:

¢ NA appears to be minimal at this time due to:

o Limited electron donor mass (petroleum hydrocarbon) to act as a substrate for
metabolic respiration. _

o Values of total organic carbon, dissolved organic carbon, carbon dioxide, dissolved
oxygen, alkalinity, nitrates, sulfates, ammonia, and iron (II) which are consistent with
limited metabolic respiration (which appears to be related to limited electron donor
mass).

The overall environment appears to be consistent with aerobic conditions.

* The potential for NA occurrence would be likely if a higher mass of electron donor
material (i.e., petroleum hydrocarbons) as a metabolic substrate were available. This NA
study suggests that limited hydrocarbon mass is present in the subsurface, and is consistent
with the low dissolved-phase concentrations in groundwater.
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10.00 RECOMMENDATIONS

As a result of the NA study and evaluation of hydrocarbon concentration trends, the following
is recommended:

* Conduct post-remedial monitoring and sampling for four quarters.

¢ If dissolved-phase hydrocarbon concentrations remain at the current levels over the next
four quarters, a request for closure and no further action will be submitted.

* If dissolved-phase hydrocarbon concentrations increase during the next four quarters, it is
recommended that an additional NA study be performed to understand the bio-chemical
changes that may occur if the electron donor (i.e., petroleum hydrocarbons) as a substrate
becomes available to facilitate metabolic respiration. These results would be evaluated as
part of a revised CAP.

The site assessment activities summarized in this report have been conducted in accordance with current practice and the standard of care exercised
by geologists and engineers performing similar tasks in this area. No warranty, expressed or implied, is made regarding the conclusions and
professional opinions presented in this report. The findings and conclusions are based solely upon an analysis of the observed conditions. If actual
conditions differ from those described in this report, our office should be notified. : -
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APPENDIX A

RIESULTS OF LABORATORY ANALYSIS OF SOIL SAMPLES




TABLE 1

HISTORICAL SOIL SAMPLE ANALYTICAL RESULTS SUMMARY
EXXONMOBIL OIL CORPORTATION SERVICE STATION 18-HE1

14565 SOUTH MAIN STREET
SANTA ANA, CALIFORNIA
ETHYL- TOTAL ‘ ETHYL- TOTAL ' OTHER
. BEN TBE NE TH METHANOL
TPH-G TRPH ~ LEAD ENZENE | TOLUENE BENZENE XYLENES, M BENZENE | TOLUE] BENZENE XYLENES MTBE TBA DIPE ETBE TAME ETHANOL HVOCs
SAMPLE SAMPLE | DEPTH
LOCATION | © DATE (b : EPA EPA EPA o
B METHOD METHOD METHOD - EPA METHOD 8020/3021B EPA METHOD 8260B ) EPA :L?:HOD METHOD
8035M 480.1 6010_ : N 82608
MW-1' 9/5/86 15 ND<l10 - ND<2 - -- - - - - - -- - - - . - - - -- -
MW-] 9/5/86 20 ND<I0 - -~ ND<2 ) - -- - - - - . - N - - - . - - -
MW-1 91586 22 ND<{0 - ND<2 - -- -- - - -- - - - . - - - . - - - -
MW- 945086 27 ND<10 -~ ND<2 - - -~ - -- - - -- -- -- —- -- - - - - -~
MW-2 /5186 24 ND<10 . - ND<2 - - - - - - - . _ - - . - - - _ -
MW-3 9/5/86 19 ND<i - 6.3 - - - - - - - - . . - - . . - - -

" NPW-3 9/5/86 22 ND<10 - ND<2 -- - - -- - - - - - -- - - - - - -- -
MW-4 9/17/86 14 4 - - - - - - .. . - .. - . - - L - - . - —
MW -4 9/17/36 19 13 - - - -- - - - - e - - - - .- - = - - - -
MW-4 917186 23 ND<2 - B - -- - - - = - - - . - - . . - - - -

.. ’ ;
MW-5 _9/16/90 1¢ T .. ND<10 - 0.841 ND0.005 ND<0.010 ND<0.015 - . - - - . - - P . - - —
MW-5 9/16/90 20 — " ND<i0 |} - 0.098 0.12 ND<D.G40 0.082 - - - - . . - .- - - . -
MW-6 9/16/50 15 N3 ) - - ND<0.005 ND<{.005 ND<(.010 ND<Q.015 -- - - - - - - . - .- — - .
MW-6 9/16/90 20 ND<S - - ND<{.G05 ND<0.005 ND<0.010 NB<0.015 - - - - - . - - - - - - -

B-1 1/17/92 o ND<3 ND< 10 -~ " ND<0.005 ND<0.0035 ND<0.010 ND<0.015 - - - . - - - - - - - - -

Bl e 15 ND<5 ND<I0 ) - 0.14 0.084 0.021 0.15 - - .. - . S - - . - - - -
B-1 1/17/92 20 1,400 750 - 13 100 30 170 - . - - - _ - - . .- - -~ ND
B-1 111792 25 ND<3 ND<to | - 0.16 0.01 ND<0.010 0.063 - — - - - . - - - - - N
B-2 1117/92 5 - NEREIF S - - - .. - - - - . - = - - - -
B-2 /1792 1 ' ND<5 " ND<10 - ND<0.050 ND<0.050 ND<0.10 ND<0.15 — - . - - - - - - - - -
B-2 117492 15 - ND<I{) - - - - - - - - - - - - - - - - ] - - -
B-2 1717192 20 7,600 760 s - 58 53 38 294 - - - - - . B - = - - - _ ND
B-2 517792 25  ND<3 ND<10 - 0.071 0.10 ND<0.10 ND<0.15 - - - _ - - - - L - - - -
B-3 1/17/92 5. - ND<10 . - - - - - . - - - — .. - . - - “ .
B-3 1/17/92 0 ND<5 ND<10 - - ND<0.050 ND<0.005. ND<Q.010 . ND<Q.0E5 - - -- - — -- - - - - - -
B-3 1117792 L] - . ND<IO T e .- - - - - —- - ” - - - - . - - - -
B-3 117192 20 NDS NP<10 — 0.048 NID<0.005 ND<0.010 ND<0.015 -- - — - - - - - - - . ~ -
B-3 1717452 25 ND<5 ND<10 - 0.006 ND<(}.005 ND<0.0I0 [ ND<0.0i5 - — - . - - - - N - - - .
B-4 117192 10 ND<§ ND<l - ND<0.050 ND<0.005 ND<0.010 ND<0.015 - -- - - - - - - - - - - -
B-4 ez 15 78 25 - - 0.687 0.052 0.37 8.93 - - - . - - - - .- - - — ND
B-4 N U192 20 12,000 15,000 - - 9 600 230 1300 - - - ~ - N - - -- ~ -- - -
MW-7 1120492 10.5 ND<5 - - ND<0.050 ND<L.005 ND<0.010 ND<(.015 -- - - — - - - - ~ — - -

" MW-7 1120192 205 ND<3 N —- ND<0.050 ND<0.005 ND<0.010 ND<1.015 . - _ - - ~ - - - . - -
Mw-3 1720192 10.5 ND<5 - - ND<(.050 ND<0.005 ND<0,010 ND<0.015 - - - - - - - - - - — - -
MW-8 1/20/92 20.5 ND<5 - - ND<0.050 ND<0.085 ND<0.010 ND<(.015 -- - - - - - — - - - - - -
YW-9 6/5/92 S ND<1.0 ND<5.0 - - ND<0:.05 ND<0.05 ND<0.05 ND<0.05 -- - N ~ - - .- — - o — -~ -
YW-0 6/5/92 10 349 38 L - ND<2.0 NEx<2.0 ND<2.0 ND<2.0 -- - . _ . - - . - - - - ND
YW-9 6/5/92 15 850 280 | - 8.9 .32 13 68 - - - -- _ - - . - - . - ND
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TABLE 1

HISTORICAL SOIL SAMPLE ANALYTICAL RESULTS SUMMARY
EXXONMOBIL OIL CORPORTATION SERVICE STATION 18-HE1
14365 SOUTH MAIN STREET

SANTA ANA, CALIFORNIA
ETHYL- TOTAL . ETHYL- TOTAL OTHER
TPH-G TRPH LEAD BENZENE | TOLUENE BENZENE | XYLENES MTEBE | BENZENE | TOLUENE BENZENE XYLENES MTBE TBA DIPE ETBE TAME ETHANOL | METHANOL HVOCs
SAMPLE SAMPLE | DEPTH ’ ‘
N . . EPA . PA
LOCATION DATE (o) MEE':I‘P}?OD ME?}?OD METHOD EPA METHOD 8020/8021B ' ) EPA METHOD 82608 EPA r;ﬁ;'HOD ME‘?!.HOD
8015M 4801 6010 : : - o $260B
VW-§ CE597 20 .31 ND<5G - 0.36 059 0.10 0.5¢ - . .- . ’ . - - M -_ . - *
VW-10 : 6/5/92 10 ND<1.0 ND<5.0 - ND<0.05 ND<0.05 ND<(.05 ND<0.05 — - - - - - ~ N . . ~ . ND
VW-10 615192 15 1.1 ND<50 - 0.15 ND<0.05 ND<(0.05 ND<0.05 - - - .. - - - - — N - - ND
VW-10 6/5/92 20 1,400 560 -- 9.3 56 25 140 - — - - - - - - - - - - *
MW-10 12/6/93 5 ND<1.0 17 - ND<0.05 ND<C.05 ND<0.05 ND<0.05 - - - . - - . - . .. - - ND
MW-10 12/6/93 10 ND<1.0 7 -- ND<0.03 ND<0.05 ND<0.05 ND<0.05 - - - - — . - . . - L L ND
MW-10 1246193 15 ND<1.0 20 - ND<0.05 ND<0.05 ND<0.05 ND<0.05 - - - - — - - . . - - - - . ND
MW-10 12/6/93 20 ND<1.0 13 i - ND<i}.05 ND<0.05 - ND<0.05 C ND<f05 [ - - - - . ] - - . - - . ND
MW-10 12/6/93 25 ~ ND<LD 13 - ND<0.05 ND<0.05 ND<(.05 ND<(0.05 - - — - . - . . - . - ND
MW-11 12/6/93 5 ND<1.¢ 13 - ND=<0.05 ND<0.05 ND<0.03 ND<0.05 - - - . . - - - .. - ~ ND
MW-11 " 1206093 10 ND<1.0 13 - - ND<0.05 ND<0.03 ND<0.05 ND<0.05 ~ . - - — _ - - - - -~ ND
MW-11 12/6/93 13 ND<1.0 21 ND<0.05 ND<0.05 ND<().05 ND<0.05 - - B . . - - - - . B - ND
MW-it 12/6/93 20 CND<l0 | 17 - ND<0.05 ND<(.05 ND<0.05 ND<0.05 - —~ - - . - - - - N - - ND
MW-11 12/6/93 23 ND<1.0 20 ND<0.05 ND<0.05 ND<0.05 ND<0.05 - - - - . - s — N - - . ND
MW-9 1207193 5 ND<1,0 13 ~ ND<.05 ND<0.05 ND<0.05 ND<0.05 - - - B - .- - .. - - - .- ND
MW-9 1207793 19 ND<L.0 10 - ND<0.05 ND<0.03 ND<0.05 ND<0.05 - - - - - - N - N _ - ND
- MW-9 127793 t5 ND<LO S - - ND-<0.05 ND<(.05 ND<G.05 ND<0.05 - - - - - - - - - - - - ND
Mw-9 1271193 20 ND<1.0 13 -- ND<0.05 ND<0.05 ND<(1.05 ND<0.05 . - . e - - - . - . . - ND
MW-o 120193 25 ND<) .0 8 : - _ ND<(0.05 ND<0.05 _ND<D.05 ND<0.05 - -~ - - -~ - - . - . . Lo ND
MW-12 §2/7/93 5 ND<1.0 10 - - ND<0.05 ND<1.03 ND<0.05 ND<0.05 - - . . . - N - - . - - . ND
MW-12 12/7/93 10 ND<1.0 | 9.3 - ND<D.03 ND<0.05 ND<().03 ND<0.05 ~ - .. - . - . J - B N ND
MW-12 12771193 15 23 10 - -- 0.862 ND<0.05 ND<D.O5 0.072 - . ~ - - . , . . ~ - . ND
MW-12 12/7/93 20 ND<!.0 15 - - 0.14 ND<0.05 0.063 .21 -- - - e . . - - . — — ND
MW-12 127793 25 ND<L. 9.7 | NE-<0.05 ND<(0.05 ND<(.05 ND<(.05 -- - — - — - - - — - - - NDY
MW-14 12/1/93 5 ND<L.0 12 1 -- ND<(.05 ND<0.05 ND<0.05 ND<0.05 - - .. . - - - - . . - - ND
MW-j2 127193 10 ND<1.0 13 - ND<0.05 ND<0.05 ND<().05 ND<0.05 - — . - _ _ - - - - ~ - ND
MW-14 12(7/93 - 15 | ND<Lo 12 | -- ND<0.05 ND<G.05 | . ND<0.05 . ND<0.05 - e - - - . - . - -~ N i ND
MW-14 121193 20 - ND<10 | 88 - | ND«.03 ND<0.05 ND<0.05 |  ND<0.03 - - - N - ~ . - - __ ND
MW-14 12/7/93 25 ND<1.0 5 - ND<0.05 ND<0.05 ND<005 ND<6.05 - - - - - N . . - - i - ND
MW-13 12/8/93 5 ND<I.0 5.1 - ND<0.05 ND<0.05 ND<0.05 ND<0.05 - - — - - - N . - - - - ND
MW-13_ 12/8/93 10 ND<1.0 6.9 - ND<0.05 ND<0.05 ND<{(.05 ND<0.05 | - - - - . - - - - . - - — ND
MW-13 12/8/95 15 ND<L.0 1 - ND<0.05 ND<0.05 ND<(.05 ND<0.05 - - - - - _ - N _ . . - ND
MW-13 12/8/93 20 ND<1.0 7 - ND<0.05 ND<0.05 ND<0.05 ND<0.05 - = - - — _ . - — - - . ND
MW-13 12/8/93 35 23 18 - - 0.25 14 0.2¢ 1.7 - - - - - - - — - - _. ND
MW-16 12/27/94 5 ND<l1.0 ND<3.0 - ND<(.050 ND<0,050 ND<D.050 ND<0.015 — - . - - N - - - - i - ND
MW-16 12/27194 10 ND<1.0 ND<5.0 -- ND<0.050 ND<0.050 ND<(.050 ND<0.015 - - - — - ’ - - - e - - - ND
MW-16 12/27/94 15 ND<1.0 ND<5.0 — ND<0.050 ND<0.050 ND<0.050 ND<0.015 - - - - - - - - - . — . ND
MW-16 12/27/94 20 20 i NDSH C - 0.64 5.6 2.6 12 - - . — - - ~ - - - - - - ND.
MW-16 12/27/94 25 ND<L.0 ND<sg |- - ND<0.050 ND<0.050 ND<0.050 ND<0.015 - - - . - ~ - - . N N _ *
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TABLE 1

HISTORICAL SOTL SAMPLE ANALYTICAL RESULTS SUMMARY
EXXONMOBIL OIL. CORPORTATION SERVICE STATION 18-HE1

14565 SOUTH MAIN STREET
SANTA ANA, CALIFORNIA

TPH-G TRPH LEAD | BENZENE | TOLUENE BEéTN‘?E’;E cvoings | MTBE | BENZENE | TOLUENE ettt x?f(l)‘;}:;s MTBE TBA DIPE ETBE TAME | ETHANOL |METHANOL g{,‘éﬂ‘
SAMPLE SAMPLE | DEPTH .
LOCATION DATE gy | EPA EPA EPA : EPA METHOD EPA

METHOD METHOD METHOD EPA METHOD 8020/30218 . EPA METHOD 8260B : 8015 METHOD

£015M 480.1 S0 . : 82608
$B-1 12/27/94 5 ND<1.0 ND<5.0 - ND<0.050 ND<0.050 ND<0.050 ND=<0.015 - - - - - .- - N . ~ — - ND
SB-1 12/27/94 10 ND<1.0 ND<5.0 -- ND<0.356¢ ND<0.050 ND<0.050 ND<0.015 - - - . - - - - - - . ND
SB-1 12127194 15 ND<t.0 ND<5.0 L - ND<0.050 ND<(.050 ND<(.050 ND<).015 - - - _ - - - . - - . ND
SB-1 12/27/94 20 ND<l.0 ND<5.0 - ND<0.030 0.048 0.0095 0.06 = R - - - - - - _ - — ND
5B-1 12/27/94 25 13 13 -- ND<0.050 0.019 0.022 0.052 - . B - . - - - N - - .
$B-2 : 12127794 5 ND<1.0 ND<s.0 ¥ - ND<0.050 ND<0.O50 ND<D.050 ND<D.015 - - B - . . - - - - - - +
SB-2 12/27/94 "~ 10 ND<1.0 ND<5.0 | - ND<0.050 ‘ND<0.050 ND<0.03G ND<0.015 -- - B - - - - - .- .. - - *
SB-2 . ¢ 1294 " | 15 ND<1.0 ND<5.0 - ND<0.050 ND<0.050 ND<0.050 ND<G.OI5 | - e - . - . - - L - i - . * ,
$B-2 1212794 20 ND<1.0 ND<5.0 T ‘ND<0.05¢ ND<(.050 ND<(.050 ND<(.015 = - . - - - - - . - - -~ + v
5B-2 12/27/94 25 ND<1.0 ND<5.0 - ND<0.050 ND<0.050 ND<0.050 ND<0.015 - . . - . - - _ - - . - *
MW-17° 1 123094 5 ND<1D - -- -- ND<0.0050 | ND<0.0050 ND<0.0050 ND<(.015 - . - . - - - - - - ~ - - -
MW-17 123004 |7 10 ND<1.0 — -- ND<0.0050 | ND<0.0050 ND<0.0050 ND<0.013 - - . - - - - - - . - - .
MW-17 12/30/94 15 ) - - ] 0.53 0.86 0.75 0.9 - . N - - — . - - - - . -
MW-17 12/30/94 20 66 - -- 0.68 1.3 0.32 . 1.4 - - . - ] -~ - B - - - - - - -
MW-17 12/30/94 25 12 - - 0.087 0.023 0.049 0.045 — - - - N N - . - N . _ -
MW-15 1/16/95 5 ND<1.0 4.3 - ND<(.0050 | ND<0,0050 ND<(.0050 ND<0.015 - —- ] - - - - - - - -
MW-15 ) 1116195 10 ND<1.0 17 C - ND<0.0050 [ ND<0.0050 ND<0.0050 | ND<0.015 B N - - - - - - - - - - -
MW-15 1/16/95 15 ND<}.0 16 N ND<0.0850 | ND<0.0050 ND<0.0050 ND<0.015 - - - - _ - ~ - - - - -
MW-]5 ) 1/16/95 _ 20 ND<1.0 16 — ND<0.0050 { ND<0.0050 ND<0.0050 ND<0.015 - - . - - - — - - - - - -

T mw-1s 1/16/95 25 ND<1.0 24 - "ND<0.0050 | ND<0£050 { ND<0.00s0 | ND<0o15 = B - — - - — - - . - . -
VW-11 186 5 ND<1.0 L - : - ND<0.0050 [ ND<0.0050 ND<(.0050 ND<0.015 - .- . - - - . . - - .- - -
Vw11 1/8/96 105 ND<1.0 -~ N ~ ND<0.0050 ND<0.0050 ND<0.0030 NE<0.015 - - ’ - - - - .- - - - - - -
VW-11 1/8/96 15.5 220 ) - Tl 11 0.41 14 58 - . - e .- - - - - - - -
VW11 1/8/96 22 4300 1 - - 26 130 46 270 - - - - - . ~ N - - ] . -
Yw-12 ) 1/8/96 5 ND<L.D - - ND<0.0050 | ND<0,0050 ND<0.0050 ND<D.015 - - .- N - - - - ] . - - - -
VW-12 178196 105 ND<1.0 - ND<0.0050 ND<0.0050 ND<0.0050 ND<0.615 - - - - . - - - - . - -
VW-12 1/8/96 15.5 14 — e ND<0.0050 | ND<0.0050 ND<0.0050 ND<0.015 - - . . . . . - - - o
VW-12 11896 22 8.7 - - D47 689 0.084 0.57 - - - . - - - - e - N - -
MW-18 1/8/96 3 ND<1.0 - CT L ND<0.0050 | ND<0.0050 ND<0.0050 ND<0.015 - - _ - - N - - - - . - -
MW-18 1/8/96 10 ND<1.0 B - ND<0.0050 | ND<0.0050 ND<0,0050 ND<0.015 - - N .- - N . - - - N -
MW-18 1/8/96 13 ND<1.0 - - ND<(.0050 [ ND<0.0050 ND<0.0050 ND<0,015 - . . N - — .. - . - - - N
MW-18 1/8/96 20 ND<L.0 - - ND<).035¢ | ND<0.0050 ND<0.0050 ND<0.015 - - . - - - - . — - - - .
MW-[3 1/8/96 25 ND<l1.0 I -- ND<0.0050 { ND<0.0050 ND<0.0050 ND<0.015 -- - -- - - - - - - - - - -
MW-18 L/8/96 30 ND<l.0 - = ND<0.0050 | ND<0.0050 ND<1.0050 ND<0.015 - — - . N - ~ - s - N N -
MW-18 1/8/%6 35 ND<L.0 - L - ND<0.0050 | ND<0.0050 ND<0.0050 ND<0.015 - - - - - - - = - - N . .
MW-19 8/31/00 3 ND<1.50 - - - ) .- - - -- ND<0.0050 NDD). 0050 ND<0.0050 ND<0.0050 ND<0.0050 - - - - - .-
MW-19 8/31/100 10 ND<).50 -- - - - - —~ -- ND<(.0050 { * ND<0.0050 ND<{.0050 ND<0.0050 | ND<0.0050 - - — - . — .
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TABLE 1

HISTORICAL SOIL SAMPLE ANALYTICAL RESULTS SUMMARY
EXXONMOBIL OIL CORPORTATION SERVICE STATION 18-HE1

14565 SOUTH MAIN STREET
SANTA ANA, CALIFORNIA
ETHYL- TOTAL - ETHYL- TOTAL OTHER
. TPH-G TRPH LEAD .| BENZENE | TOLUENE BENZENE XYLENES MTBE BENZENE | TOLUENE BENZENE XYLENES MTBE TBA DMPE ETBE TAME ETHANOL | METHANOL HYOCs
SAMPLE SAMPLE | DEPTH ) . }
LOCATION | DATE | (g [ EPA EPA EPA ' - epameTHoD|  EPA
METHOD METHOD METHOD EPA METHOD 8020/8021B - . EPA METHOD 82608 8015 METHOD
8015M 4801 010 : - ' B2608 |
MW-19 8/31/00 15 ND<0.50 - e - - - - NE<0.0050 | ND<0.00SG |  ND<0.0050 ND<0.0050 | ND<0.0050 - - - - -~ -~
MW-19 8/31/00 20 ND<(.50 - - - - - - - ND<0.0050. NE<(.0050 ND<0.0050 ND<QO050 ND<0.0058 - - - -- -- -
MW-19 83100 25 ND<0.50 - ) - - - - - - ND<(.0050 ND<0.0050 .| ND<0.0050 [. .ND<Q.0050 ND<0.005G - - - -~ - - -
MW-19 231400 30 ND<0.50 - . - - - -- - _ .- - 0.0052 ND<0.0050 0.0061 ND«<(. 0050 ND<D.0050 | ND<0.25¢ ND<Q.0H} ND<0.030 ND<0.010 ND<0.010 ND<0.010 --
NOTES: Results shown are in milligrams per kitogram {mgfkg). TPH-G = total petroleum hydrocarbons as gascline
fbg = feet below grade . ' MTBE = methyl tert butyl ether
D = identification TBA = tertiary butyl alcohof
- = not ahatyzed DIPE = di-isopropyl ether
EPA = Environmental Protection Agency ETBE = ethyl tertiary butyl ether
ND = not detected TAME = tertiary amyl methyl ether
*= Other HVOCs were detected. Refer to the official laboratory report for the analyte detected and the concentration. HVOCs = haloganated volatile organic compounds
TRPH= toral recaverable petoleum hydrocarbons
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Natural Attenuation Study Report and Corrective Action Plan
ExxonMobil Oil Corporation Service Station 18-HE1
February 24, 2005

APPENDIX B

SUMMARY OF GROUNDWATER LEVELS AND CHEMICAL ANALYSIS RESULTS
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Natural Attenuation Study Report and Corrective Action Plan
ExxonMobil Oil Corporation Service Station 18-HE1
February 24, 2005 '

APPENDIX C

DUAL-PHASE EXTRACTION DATA



Alton Geoscience, Inc.

Dual-Phase Extraction Progress Report Summary Sheet
First Quarter 1998
Mobil Service Station 18-HE1 AQMD# F5242
1463 South Main St.
Santa Ana, California
VAPOR EXTRACTION PERFORMANCE Date Siaried: 11714597
Technology used: Mubile Dual-Phase Extraction Maximum [nfluent Concentration (ppmv): 4,670
) {Thermul/Catalytic Oxidizer) Maxirmum diluted [nfluent concentration(ppmy); NA
Number of vapor extraclion wells on site: 4
Callons of hydrocarbons removed this quarier: 147
Number ol vapor exiraction wells open: varied Cuinaiive galluns of hydrocarbins removed: 18
Operaling Drays this perivd (1204498, 2724448, 3710/98) 1.0
Total Operating Days 1.67
WELL EXTRACTION DETAIL
JANUARY
Max. Min
Cone Conce.
Welt# (ppmv)  (ppmv) Range of Flow (efiny  Timwe on each Well
MW-1 3340 1.490 H55- 108 033 days
MW-6 1.608 750 92-1L7 Q.15 ddays
MW7 2.650 60 8Y5-12.2 Q.15 days
FEBRUARY*
Max, Min
Conc Cune.
Weil # ~ {ppmv)  (ppnw) Range of Flow (cfm) “Tsme vn each Well
MW-1 - - - B.32 days
MW-§ - - -- {133 days
MARCH
Max. Min
Cone Cony.
CWellw (ppmv)  (ppmv) Range of Flow (efm)  Time vn cach Well
MW- 630 190 164-725 0.32 days
MW-6 50 40 14.7-i9.6 0.31 days
CwW 40 30 81.5-112 0.04 days
GROUNDWATER RECOVERY (Mathud: Allen Muhile Treatment Trailer) NPDES # CA 8000330
Dnate Dae Tremed Reeovery Volume by Water (gallons)
1721798 1721198 1.000
3noms 31098 1,000
ADDITIONAL INFORMATEHON;
PP = pans pe:‘r mittion by volume
cfm= cubic feet per minuwe
in Heg = inches of mercury
* Individual well concentralion and flaw measurements were nol laken during this cvenl,
Prepared by: Antonio D. Quiranie Alton Projest No: 23-0047
Approved by: Submittal Pate; 30-Apr-98

John Trompeter, RG
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Natural Attenuation Study Report and Corrective Action Plan
ExxonMobil Oil Corporation Service Station 18-HE1
February 24, 2005

APPENDIX D

FIELD DATA SHEETS AND LABORATORY ANALYTICAL REPORTS
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December 30, 2004

Anand Helekar
TRC-Alton Geoscience

21 Technology Drive
Irvine, CA 92618-2366

Calscience Work Order No
Client Reference:

04-11-1379
ExxonMobil 18-HE"

Subject:

Dear Client:
Enclosed is an analytical report for the above-referenced project. The samples
included in this report were received 11/22/2004 and analyzed in accordance with

the attached chain-of-custody.
Unless otherwise noted, all analytical testing was accomplished in accordance with the
guidelines established in our Quality Assurance Program Manual, applicable standard
operating procedures, and other related documentation. The original report of any
subcontracted analysis is provided herein, and follows the standard Calscience data

package. The results in this analytical report are limited to the samples tested and any

reproduction thereof must be made in its entirety
Note that the Chain-of-Custody Record and Sample Receipt Form are integral parts of

this report.
If you have any questions regarding this report, please do not hesitate to contact the

undersigned

Sincerely,

Calscience Environmental
Laboratories, Inc.
Don Burley
Project Manager
NELAP |D: 03220CA

CSDLAC ID: 10102
7440 Lincoln Way, Garden Grove, CA 92841-1427 « TEL:(714) 895-5494 .

SCAQMD ID: 93LA0830
FAX: (714) 894-7501

CA-ELAP ID: 1230 .
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= ?milsc:ence

= _Nvironmental Analytical Report
s aboratories, Inc.

gy

TRC-Alton Geoscience Date Received; 11/22/04
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: RSK-175M
Project: ExxonMabil 18-HE1 Page 1 of 1
Lab Sample Date Date Date
Client Sample Number Numnber Collected Matrix __Prepared _ Analyzed QC Batch ID

nwz

Parameter Result RL DE Qual Units

Methane ND 1.00 1 ug/L

Tz, _vA | tm
Parameter Result RL DF Qual Units

Methane ND 1.00 1 ug/l

Pararneter Result RL DFE Qual Units
Methane .03 1.00 i ug/L
e

Parameter Result RL DE Qual Units
Methane ND 1.00 k] ug/L

‘Method Blank -

Parameter Result RBL DE Qual Units
Methane ND 1.00 t ug/L
RL - Reporting Limit DF - Dilution Faclar Qual - Qualifiers

7440 Lincoln Way, Garden Grove, CA 92841-1427 + TEL:(714) 895-5494 = FAX: (714) 894-7501
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J

Sar Eilsc.'ence
.'T-E nvironmental Analytical Report
y - aboratories, Inc.

TRC-Alton Geoscience Date Received: 11/22104
21 Technology Drive Work Order No: - 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A

Method: SM 2320B
Project: ExxonMaobit 18-HE1 Page 1 of 1

Date

Lab Sampie Date
Analyzed QC Batch ID

Client Sample Number Nurnber Collected Matrlx

Parameter Result RL DE Qual Units
Alkalinity, Total (as CaCO3) 290 5.0 1 mg/L.
Parameter Result RL DE Qual Units
Alkaiinity, Total (as CaCO3) 830 5.0 1 mg/L

Parameter Result RL DE Qual Unifs
Alkalinity, Total (as CaCQ3) 260 5.0 1 mg/L
104" Aqueous - NIA
Parameter Result RL DF Qual Units
Alkalinity, Total (as CaC03) 250 5.0 1 g/l

RL - Reporting Limit DF - Dilution Factor Qual - Qualifiers

7440 Lincoln Way, Garden Grove, CA 92841-1427 + TEL:(714) 895-5494 = FAX: (714) 894-7501
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!

= w_________Isc;venc:e
i_nvironmental Analytical Report
&= aboratories, Inc.

TRC-Alton Geoscience Date Received: 11/22/04

21 Technology Drive Work Order No: - 04-11-1379

Irvine, CA 92618-2366 Preparation: N/A
Method: SM4500-CO2D

Project: ExxonMobil 18-HE1 Page 1 of 1

Lab Sample Date . Date Date
Client Sample Number ___ Number _Collectes _Matx __Prepared _ Analyzed

V2o

Parameter Result RL DFE Qual Units
Carbon Dioxide 45 1.0 1 mg/L

v
Parameter Result RL DE Qual Units
50 1.0 1 mgfL

Carbon Digxide

s

oWy
Parameter Result RL DE Qual Units
Carbon Dioxide 34 1.0 i mg/L
11226001
Parameter Result RL DFE Qual Units
Carbon Dioxide _ 30 1.0 1 mg/L
RL - Reperting Limit DF - Dilution Factor Qual ~ Quatifiers

7440 Lincoln Way, Garden Grove, CA 92841-1427 » TEL:(714) 895-5404 » FAX: (714) B94-7501
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ey

e _Nvironmental Analytical Report

& aboratories, Inc.

TRC-Alton Geoscience Date Received: 11/22/04

21 Technology Drive ' Work Order No: 04-11-1379

Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 300.0
Units: mg/L

Project: ExxonMobhit 18-HE1 Page 1 of 1

Lab Sample Date . Date Date
Client Sample Number Number Collected ‘ Matrix Prepared _ Analyzed QC Batch ID

112204 Ag

Parameter Result RL DE Qual Parameter Result RL DF Qual
Chloride 59 10 10 Sulfate 1100 200 200
Nitrate (as N) 1.6 0.1 1

Parameter Result RL DF Qual Parameter Result RL DE ual
Chiloride 56 10 10 Sulfate ' 450 100 100
Nitrate (as N) ND 0.0 1

Parameter Resuit RL DE Qual Parameter Result RL DE ual
Chloride 59 10 10 Sulfate 510 100 100
Nitrate (as N} ND a1g 1
Parameter Result RL DE Qual Parameter Result RL DF Qual
Chloride 61 10 10 Sulfate 620 100 100
Nitrate {(as N) 2.0 0.1 1
[MetodBtank
Parameter Result RL DF Qual Parameter Result RL DF Qual
Chiloride ND 1.0 1 Sulfate NEY 1.0 1
Nitrate (as N) ND 0.10 1
RL - Reporting Limit DF - Dilution Factor Qual - Qualifiers

7440 Lincoln Way, Garden Grove, CA 92841-1427 *» TEL:(714) 895-5494 » FAX: (714) 884-7501
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nvironmental Analytical Report

ity

i aboratories, Inc.

TRC-Alion Geoscience Date Received: 11122104
21 Technology Drive Work Crder No: 04-11-1379
Irvine, CA 92618-23606 Preparation: N/A
Method: EPA 350.2
Project: ExxonMobil 18-HE1 Page 1 of 1
Lab Sample Date ] Date Date
Client Sample Number Number ”Ccllected Matrix Prepared Af’a|Y29d QC Batch ID

Atz

Parameter Result RL DF Qual Units
Ammonia ND 6.10 i mg/L
e s 04_11_1379_2 Hegny ) \ NA. j 3 3 .-;1:
Parameter Result RL DF ual Units
Ammonia ND 0.10 1 mg/L
| 0411437

Parameter Result BL DFE Qual Units
Ammonia ND 0.10 1 mg/L

MW

Parameter Result BL DF Qual Units

Ammonia ND 0.10 1 mg/L

Metho  atizaNmamt
Parameter Result RL DF Qual Units

Ammonia ND 0.10 1 mg/t.

RL - Reporting Limit , DF - Gilution Factor Qual - Qualifiers

7440 Lincoln Way, Garden Grove, CA 92841-1427 « TEL:(714) 895-5494 « FAX: (714) 894-7501
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Analytical Report

Page 7 of 36

TRC-Alton Geoscience Date Received: 11122104
21 Technology Drive Work Order No: 04-11-1379
Irvineg, CA 92618-2366 Preparation: N/A
Method: SM3500-FeD
Project: ExxonMobil 18-HE1 Page 1 of 1
Lab Sample Date Date Date
be Matrix Analyzed  QC Batch ID

_ Collected

Prepared

Parameter Result RL

Iron {I1) ND

DF Qual

Parameter Result RL

Iron (11} ND

Parameter Result RL DF Qual Unitg

Iron (IF) ND 0.10 1 mg/L
MWG o

Parameter Result RL DE Qual nits
Iron {H} ND 0.10 1 mg/L

Parameter

Iron (i1} ND

DF Qual
1

RL - Reporting Limit DF - Dilution Factor

7440 Lincoln Way, Garden Grove, CA 92841-1427 =

CGual - Qualifiers

TEL:(714) 895-5494

FAX: (714) 894-7501




== nvironmental

i aboratories, Inc.

Analytical Report

TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 410.1
Project: ExxonMobil 18-HE1 Page 1 of 1
Lab Sample Date Date Date
Callected Matrix QC Batch ID

Number Prepared

Analyzed

Client Sample Number

Parameter

Chemical Oxygen Demand ND

Result

Qual Units

Parameter

Chemical Oxygen Demand 3

Result

Parameter

Chemical Oxygen Demand 130

Rasult

Parameter Result RL DFE Qual Units
Chemical Oxygen Demand 15 5 1 mg/L
[ Method Bran

Parameter Result RL DE Qual Units
Chemical Oxygen Demand ND 50 1 mg/L

RL - Reporting Limit

7440 Lincoln Way, Garden Grove, CA 92841-1427

DF - Diluticn Factor

. Qual - Qualifiers

TEL:(714) 895-5494 *

FAX: (714) 894-7501
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_ailscience

i _Nvironmental Analytical Report

imw aboratories, Inc.

TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 415.1
Project: ExxonMobil 18-HE1 Page 1 of 1
Lab Sample Date ) Date Date
Client Sample Number Number Collected Maitrix Prepared _Analyzed QC Batch "3 _

Parameter ' Result RL DFE Qual Units.
Carban, Total Organic 22 0.5 1 mg/L.
Parameter Result RL DE Qual Units
Carbon, Total Organic 6.5 Q.5 1 mgfL

Parameter Result RL DFE Qual Units
Carbon, Total Organic 8.6 25 5 mg/l.
MW

Parameter Result RL DE Qual Units
Carbon, Total Qrganic 1.9 0.5 1 mgiL

Method Blank - . .

Parameter Result RL DE Qual Units
Carbon, Total Organic ND 0.50 1 mg/L
Rl - Reporting Limit DF - Dilution Factor Qual - Qualifiers

7440 Lincoln Way, Garden Grove, CA 92841-1427 « TEL:(714) 895-5494 » FAX: (714) 894-7501
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" alscience

_' nvironmental Analytical Report
i aboratories, Inc.

iy

TRC-Alton Geoscience Date Received: 11/22/04

21 Technology Drive Work Order No: 04-11-1379

Irvineg, CA 92618-2366 Preparation: N/A

Method: EPA 4151

Project: ExxonMobil 18-HE1 Page 1 of 1
Lab Sample Date Date Date

Client Sample Number

Collected Matrix Prepared Analyzed  QC Batch ID

it :2
Parameter Result RL DF Qual Units
Carbon, Dissolved Organic 3.1 05 1 B mg/L

Parameter Result RL DF Qual Units

Carbon, Dissolved Organic 9.8 0.5 1 B mg/L

Pararneter Result RL DE Quat nits

Carbon, Dissolved Organic 6.4 2.5 5 B mgy/L

Parameter Result RL DFE Qual Units

Carbon, Dissolved Organic 25 0.5 1 B mgfL

Parameter Result RL DE Qual Units
Carban, Dissolved Organic 0.55 0.50 1 mg/l
RL - Reporting Limit DF - Dilutien Factor Qual - Qualifiers

7440 Lincoln Way, Garden Grove, CA 92841-1427 » TEL:(714) 895-5494 * FAX: (714) 894-7501
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Y

S alscience

== _nvironmental Analytical Report

== aboratories, Inc.

TRC-Alton Geoscience Date Received: 14122104
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 405.1
Project: ExxonMobil 18-HE1 Page 1 of 1
Lab Sample Date ) Date Date
Client Sample Number Number Collected Matrix Started Ended QC Batch |2

13791 122004

Parameter Result RL DE Qual Units

Biochemical Oxygen Demand 4.4 1.0 1 mg/L

Parameter Result RL DF ual Units

Biochemical Oxygen Demand 6.7 1.0 1 mg/L

Parameter Result RL BE Qual Units

Biochemical Oxygen Demand 38 1 1 mg/l

Parameter Resulf RL DF Qual Units

Biochemical Oxygen Demand ND 1.0 1 mg/lL

099.05.0541,642

Parameter Result RL DE Qual Units
Biochemical Oxygen Bemand N 1.0 i mg/L
RL - Reporting Limit DF - Dilution Factor Qual - Qualifiers

7440 Lincoln Way, Garden Grove, CA 92841-1427 * TEL:(714) 895-5494 » FAX: (714) 894-7501
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- élsc:ence
e _nvironmental Quality Control - Duplicate
&w aboratories, Inc.
TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Drive Work Order No: 04-11-1379
irvine, CA 92618-2366 Preparation: N/A
Method: RSK-175M
Project: ExxonMobil 18-HE1
Date Date Buplicate Batch
Quality Control Sample ID Matrix Instrument - Number
Parameter Sample Conc DUP Cong RPD RPD CL Qualifiers
Methane 6.03 6.73 11 0-20
Ethane ND ND NA 0-20 -
Ethylene ND ND NA 0-20 -

CL - Contrel Limit

TEL:(714) 895-5494 «

FAX: (714) 894-7501

RPD - Relative Percent Difference ,

7440 Lincoln Way, Garden Grove, CA 92841-1427 .
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——-ésc:'ence
im_nvironmental Quality Control - Duplicate
== aboratories, Inc. :
TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Prive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: SM 2320B
Project: ExxonMobil 18-HE1
Date Date Duplicate Batch
Quality Control Sample 1D Matrix Instrument Prepared: Analyzed: Number
oatfaams  PH- 22004 41122ALKODT
Parameter Sample Cone DUP Conc RPD RPD CL Qualifiers
Alkalinity, Totat {as CaC03) 28000 29000 0 0-25
25000 25000 1] 0-25
4800 4600 o 0-25
ND ND NA 0-25

Bicarbonate (as CaCO3)

Carbonate (as CaC03)
Hydroxide (as CaCO3)

RPD - Relative Percent Difference ,

CL - Central Limit
7440 Lincoln Way, Garden Grove, CA 92841-1427 o« TEL:(714) 885-5494 « FAX: (714) 894-7501
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- %scrence
i _nvironmental Quality Control - Duplicate
&= aboratories, Inc.
TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: SM4500-CO2D
Project: ExxonMobil 18-HE"1
Date Date Duplicate Batch
Quality Control Sample ID Matrix Instrument Prepared: Analyzed: Number
Parameter Sample Conc. DUP Canc RPD REC CL Qualifiers
30 30 1 0-25

Carbon Dioxide

CL - Coniral Limit

TEL:(714) 895-5494 «

FAX: (714) 894-7501

RPD - Relative Percent Difference ,
7440 Lincoln Way, Garden Grove, CA 92841-1427 .
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S Eil:sctence
ggnvironmental Quality Control - Spike/Spike Duplicate
&= aboratories, Inc. -
TRC-Alton Geoscience Date Received: 11/22/04
21 Technclogy Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: ' EPA 300.0
Project ExxonMobil 18-HE1
Date Date MS/MSD Batch
Quality Control Sample ID Matrix Instrument Prepared Analyzed Number
Parameter MS %REC MSD %REC %REC CL RPD RPD CL Qualifiers
Chloride 102 102 50-150 0 0-25
Nitrate (as N} 102 102 50-150 0 0-25
Sulfate 106 106 50-150 0 0-25

FAX: (714) 894-7501

TEL:(714) 895-5494 «

CL - Control Limit

RPD - Relative Percent Difference ,

7440 Lincoln Way, Garden Grove, CA 82841-1427 ,
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&= aboratories, Inc.
TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A

Method: EPA 350.2
Project: ExxonMobil 18-HE1
Date Date Duplicate Batch
Quality Control Sample ID Mafrix Instrument Prepared: Number
— e K,i?fi%?‘."'_"ém
Parameter Sample Cone DUP Conc RPD RPD CL Qualifiers
Ammenia ND ND NA 0-25

CL - Cenfrol Limit

RPD - Relative Percent Difference ,

7440 Lincoln Way, Garden Grove, CA 92841-1427 « TEL:(714) 895-5494 «

FAX: (714) 894-7501
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_alscience
i&w_nvironmental Quality Control - Spike/Spike Duplicate
&w aboratories, Inc.
TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: 8M3500-FeD
Project ExxonMobil 18-HE1
Date Date MS/MSD Batch
Quality Gontrol Sample ID Matrix Instrument Prepared Analyzed Number
wwe . " Tz ataresi
Parameter MS %REC MSD %REC %REC CL RPD RPD CL Qualifiers
Iron (11} 111 109 70-130 2 025

TEL:(714) 895-5494 »

CL - Contrel Limit

FAX: (714) 894-7501

RPD - Relative Percent Difference ,
7440 Lincoln Way, Garden Grave, CA 92841-1427
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£, alscience
ﬁmnvironmental Quality Control - Duplicate
& aboratories, Inc.
TRC-Alton Geoscience Date Received: 11/22/04
Work Order No: 04-11-1379
N/A
EPA 4101

21 Technology Drive
Irvine, CA 92618-2366

Preparation:
Method:

Buplicate Batch

Project: ExxonMobil 18-HE1
Date

Quality Control Sample ID Matrix Instrument Analyzed: Number

” 04 411230001

Parameter Sample Cong DUP Conc BPD CL Qualifiers

Chemical Oxygen Demand 120 120 0-25

GL - Control Limi{
FAX: (714) 894-7501

RPD - Relative Percent Difference ,

7440 Lincoln Way, Garden Grove, CA 92841-1427 .

TEL:(714) 895-5494 »




Page 19 of 36

£ alscience
_f_%nvironmental Quality Control - Spike/Spike Duplicate
&= aboratories, Inc.
TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Drive Woark Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 4151
Project ExxonMobil 18-HE1
Date Date MS/MSD Batch
Quality Control Sample ID Matrix Instrument Prepared Analyzed Number
MS %REC MSD %REC %REC GL RPD RPD CL Qualifiers
a9 70-130 10 0-25

113

Parameter

Carbon, Total Organic

CL - Control Limit

TEL:(714) 895-5494 «

FAX: (714) 894-7501

RPD - Relative Percent Difference ,
7440 Lincoln Way, Garden Grove, CA 92841-1427
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%‘ z_ﬂ;lsc:ence
jé"-._“";nvironmental Quality Control - Spike/Spike Duplicate
&= aboratories, Inc.
TRC-Alton Geoscience Date Received: 11/22/04
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 415.1
Project ExxonMohil 18-HE1
] Date Date MS/MSD Batch
Quality Control Sample 1D Matrix Instrument Prepared Analyzed
MS %REC MSD %REC %REC CL RPD RPD CL Qualifiers
86 93 70-130 4 0-25

Parameter
Carbon, Dissolved Organic

TEL:(714) 895-5494 «  FAX: (714) 894-7501

CL - Control Limit

RPD - Relative Percent Difference ,
7440 Lincoln Way, Garden Grove, CA 92841-1427 ,
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- :m—ismence
ism_nvironmental Quality Control - Duplicate
& aboratories, Inc.
TRC-Alon Geoscience Date Received: 11/22/04
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 405.1
Project: ExxonMobil 18-HE1
Date Date Ended: Duplicate Batch
Quality Control Sample 1D Matrix Instrument Started: ' Number
Sample Conc DUP Conc RPD RPD CL Qualifiers
44 49 11 0-25

Parameter
Biochemical Oxygen Demand

TEL:(714) 895-5494 «

CL - Contrel Limit

FAX: (714) 894-7501

RPD - Relative Percent Difference ,
7440 Lincoln Way, Garden Grove, CA 92841-1427 .




Page 22 of 36

S E_l_sc:'enc:e
i&w_nvironmental Quality Control - LCS/LCS Duplicate
== aboratories, Inc.
TRC-Alton Geoscience Date Received: N/A
21 Technology Drive Waork Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: RSK-175M
Project: ExxonMobil 18-HE1
Date Date LCS/LCSD Batch
Quality Conftrol Sample ID Mairix Instrument Prepared Analyzed Number
G0 122/04 - od1122L0:
LCS %REC LCSD %REC %REC CL RPD RPDCL  Qualifiers
101 101 79-109 0 0-20

Parameter
Methane

CL - Control Limit
TEL:(714) 895-5494 »

FAX: (714) 884-7501

RPD - Relative Percent Difference ,

7440 Lincoln Way, Garden Grove, CA 92841-1427 .
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= _Fﬂsc:ence
&w_nvironmental Quality Control - LCS/LCS Duplicate
H ,
aw aboratories, Inc.
TRC-Alton Geoscience Date Received: N/A
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 300.0
Project: ExxonMobil 18-HE1
Date Date LCS/LCSD Baich
Quality antrol Sample ID Matri;_(_ Instrqment_ _ Prepared _P_«r)_a!y;ed _ Number
| 0990511 . Aqueous - IeT 1122004 © 0 od12201
Parameter LCS %REC LCSD %REC %REC CL RFPD RPDGCL  Qualifiers
Chiaride 96 97 80-120 0 0-25
Nitrate (as N) 100 100 80-120 0 0-25
Sulfate 101 102 80-120 2 0-25

CL - Control Limit

TEL:(714) 895-5494 »

FAX: (714) 894-7501

RPD - Relative Percent Difference ,
7440 Lincoln Way, Garden Grove, CA 92841-1427 .«
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S E_g_lsc:ence
5-—“—“.Environmental Quality Control - Laboratory Control Sample
% aboratories, Inc.
TRC-Alton Geoscience Date Received: N/A
21 Technology Drive Work Order No: 04-11-1379
Irving, CA 92618-2366 Preparation: N/A
Methed: SM3500-FeD
Project: ExxonMobil 18-HE1
Quality Control Sample 1D Mateix Instrument Date Analyzed Lab File 1D LCS Baich Number
099051114802 Aqueous 04N
Parameter Caonc Added Conc Recovered LCS %Rec %Rec CL Qalifiers
Iran (1) 1.0 10 Ri 80-120

Cl. - Controf Limit

TEL:(714) 895-5494 .

FAX: (714) 894-7501

RPD - Refative Percent Difference ,
7440 Lincoln Way, Garden Grove, CA 92841-1427 »
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L

alscience

E= nvironmental Quality Control - Laboratory Control Sample

H‘

|

i

i aboratories, Inc.
TRC-Alton Geoscience Date Received: N/A
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 4151
Project: ExxonMobil 18-HE1
LCS Batch Number

Quality Control Sample 1D Matrix Instrument Date Analyzed Lab File ID

Parameter Conc Added Conc Recovered LGS %Rec %Rec CL Qualifiers
Carbon, Total Organic 5.0 52 103 80-120
RPD - Relative Percent Difference , CL - Gonfrol Limit

7440 Lincoln Way, Garden Grove, CA 92841-1427 « TEL:(714) 885-5494 « FAX: (714) 894-7501
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= §:al_sc;ence
aw_nvironmental Quality Control - Laboratory Control Sample
ESw aboratories, Inc.
TRC-Alton Geoscience Date Received: N/A
21 Technology Drive Work Order No: 04-11-1379
Irvine, CA 92618-2366 Preparation: N/A
Method: EPA 4151
Project: ExxonMobil 18-HE1
Quality Control Sample ID Matrix Instrument Date Analyzed Lab File ID LCS Batch Number
Canc Added Conc Recovered LCS %Rec %Rec CL Qualifiers
5.0 5.3 95 80-120

Parameter
Garbon, Dissolved Organic

CL - Control Limit

TEL:(714) 895-5494 «

FAX: (714) 894-7501

RPD - Relative Percent Difference ,
7440 Lincoln Way, Garden Grove, CA 92841-1427 .
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Glossary of Terms and Qualifiers

:-;__?
£w aboratories, Inc.
04-11-1379

Work Order Nurnber;
Definition
Surrogate compound recovery was out of control due to a required sample dilution,

See applicable analysis comment.
therefore, the sample data was reported without further clarification.

Surrogate compound recovery was out of control due to matrix interference. The

Qualifier
associated method blank surrogate spike compound was in control and, therefore, the

*

1
Recovery of the Matrix Spike or Matrix Spike Duplicate compound was out of control due

sample data was reported without further clarification.
to matrix interference. The associated LCS andfor LCSD was in control and, therefore,
the sample data was reported without further clarification.
The MS/MSD RPD was out of control due to matrix interference. The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

The PDS/PDSD associated with this batch of samples was out of control due to a matrix
interference effect. The associated baich LCS/LCSD was in control and, hence, the

associated sample data was reported with no further corrective action required.

Result is the average of all dilutions, as defined by the method.

Analyte was present in the associated method blank.
Analyte presence was not confirmed on primary column.

Concentration exceeds the calibration range.
Compound did not meet method-described identification guidelines. Identification was

- mO w >

based on additional GC/MS characteristics.
Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit. Reported value is estimated.
Parameter not detected at the indicated reporting limit.
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or

ND
Q
greater,
% Recovery and/or RPD out-of-range.
Analyte presence was not confirmed by second column or GC/MS analysis.

FAX: (714) 894-7501

TEL:(714) 895-5494

7440 Lincoln Way, Garden Grove, CA 92841-1427 »
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i aboaratories, inc. WORK ORDER
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Gkl

{

L

l

LiLt

Cooler |

#:

04 -

of

SAMPLE RECEIPT FORM

CLIENT:___"[RC DATE:__ ! / 22 / oY
TEMPERATURE - SAMPLES RECEIVED BY: f
CALSCIENCE COURIER: LABORATORY (Other than Calscience Courier):

Chilled, cooler with temperature blank provided.
Chilled, cooler without terperature blank.
Chilled and placed in cooler with wet ice.
Ambient and placed in cooler with wet ice. -
Ambient temperature.

°C Temperature blank.

°C Temperature blank.

B.f{ “C IR thermometer,

Ambient temperature.

Initial; f\j‘_{ v

CUSTODY SEAL INTACT: _
Sample(s); Cooler: No (Not Intact) : Not Applicable (N/A): -
Initial: _WT
SAMPLE CONDITION:
' Yes No N/A
Chain-Of-Custody document(s) received with samples......................... v
Sample container label(s) consistent with custody papers..................... = . . . ,
Sample container(s) intact and good condition.... ... ......ccceei e, e . ..
Correct containers for analyses requested................... . = . ..
Proper preservation noted on sample label(s).................. e e
VOA vial(s} free of headspace. ... oot e
Tedlar bag(s) free of CONABNSAON. ... oo oo e, -~
; ! Initiat__ N~

COMMENTS:




SILLIKER, Inc.

Southern California Laboratory

1139 East Dominguez, Suite |

Carson, CA 90746
310/ 637 7121 Fax 310/ 637 2953
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CERTIFICATE OF ANALYSIS

COA No: SCA-30429552-0
Supersedes: None

COA Date 11/24/04

Page 1 of 1

Mr. Don L. Burley
Project Manager
Calscience Environmental Laboratories

7440 Lincoln Way
Garden Grave, CA 92841-1432

Received From: | Garden Grove, CA

Received Date: [11/22/04

P.O#/ID: 04-11-1379
Location of Test: (except where noted)
Carson, CA

Analytical Results

Desc. 1: Sample [D: MW-2 Desc. 4: Matrix; H20 Laboratory [D: 3024328824
Desc. 2: Date: 11/22/04 Dese. 5: Project #: 04-11-13792 Condition Rec'd: NORMAL
Desc. 3: Time: 1330 Temp Rec'd (°*C): 38
Analyte Result Units , 2, Method Reference Test Date Loc.
Heterotrophic Plate Count 680 /mL SMEVW 20th, 9215A-B  11/24/04

Desc. 1: Sample ID: MW-1T Desc. 4: Matrix: H20 Laboratory ID:; 302432895
Desc, 2: Date: 11/22/04 Desc. §: Project #: 04-11-1379 Condition Rec'd:  NORMAL
Desc. 3: Time: 1400 a% Temp Rec'd (°C): 38
Analyte Result Units Method Reference Test Date Loc.
Heterotrophic Plate Count 180 /mL SMEWW 20th, 9215A-B  11/24/04

Desc. 1: Sample |1B: MW-1 Desc. 4: Matrix: H20 Laboratory ID: 302432896
Desc. 2: Date; 11/22/04 Desc. 5: Project #: 04-11-1379 Condition Rec'd: NORMAL
Desc. 3: Time: 1430 wg Temp Rec'd (°C): 38
Analyte Result Units Method Reference Test Date Loc.
Heterotrophic Plate Count 6300 /mL SMEWW 20th, 9215A-B  11/24/04

Desc. 1: Sample I1D: MW-6 Desc. 4: Matrix; H20 Laboratory 1D: 302432897
Desc. 2: Date: 11/22/04 Desc. §: Project #: 04-11-1379 Condition Rec'd: NORMAL
Desc, 3: Time: 1500 Ay Temp Rec'd (°C): 38
Analyte Result Units 7 Method Reference Test Date Loc.
Heterotrophic Plate Count 180 /mt SMEWWY 20th, 9215A-B  11/24/04

Laboratory Director

The results of these tests relate only to the samples tested, This report shail not be repreduced except in full, without the written approval of the laboratory.
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CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507
Tel: (951) 788-0808; Fax: (951) 788-8011

LABORATORY
ANALYTICAL REPORT

PROJECT 04-11-1379
Lab Project No. R04K0035

Report Date: 08 December 2004

Revision 0

Prepared For:

Don Burley
CalScience Environmental Laboratories, Inc.
7440 Lincoln Way
Garden Grove, CA 92841
Tel: (714) 895 - 5494
Fax: (714) 894 - 7501

Page 10f 3
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CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507
Tel: (051) 788-0808: Fax: (951) 788-8011

08 December 2004
Project No. 04-11-1379

CalScience Environmental Laboratories, In¢.
Attention: Don Burley

7440 Lincoln Way

Garden Grove, CA 92841

Dear Don Burley:

This repert contains the test results for the soil/groundwater sample(s} from Project No.
04-11-1379 received under chain of custody by the Center for Environmental
Microbiology (CEM) on November 23, 2004. These samples are associated with our
Laboratory Prgject No. RO4K0035. Test results are based on analyses specified on the
analytical report [following page(s)].

All applicable quality control procedures met laboratory-specified acceptance criteria.
There were no deviations from the laboratory procedures.

This report may only be reproduced in full, with the written approval of CEM. This cover
letter is an integral part of the analytical report.

If you have any questions, please feel free to call me at (951) 788-0808, or e-mail at
biocenter@bioCEM.com.

Sincerely,

William kehberger, Jr. Ph.D.
Laboratory Director

cc: Project File

Page 20of 3
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CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507 Analytical Report
Tel: (951) 788-0808; Fax: (951) 788-8011

Client: CaIScience Environmentat Laboratories, Inc. CEM Project Number: R04K0035

Project: 04-11-1379 Date Sampled: 11/23/2004
Date Received: 11/23/2004
Media Type: Soil/Groundwater Date Analyzed; 12/08/2004

Analyst:

ChilLe

?[{I?VOV&;IZ(O 035-1) Gasglci,r;)?jg ;i(‘i)dr:zmg GwW Proprietary | 3.0E+00 4.3E+01 MPN/mL

’(“é"g‘;:(g%s_z) Gasg:;’;ilgt’i‘;drizmg GW | Proprietary | 3.0E+00 | 9.3E+01 | MPN/mL

R040035-3) e ation GW | Proprietary | 3.0E+00 | 4.3E+04 | MPN/mL

o 0035. " Gasg'(‘)gigt’i‘;d;z‘”g GW | Proprietary | 3.0E+00 | 43E+01 | MPN/mL

g—:&%%‘w Gasg‘(‘)’;}igt’i‘gzmg Soil | Proprietary | 3.0E+01 | 4.3E+05 | MPN/g

i e amiton Water | Propristary | 3.0E+00 | <3.0E+00 | MPN/mL
LEGEND

MPN - Most Probable Number; g-gram; mg-milligrams; kg - kilogram;  mL - milliliters; GW - groundwater

Note:  Results oblained from Most Probable Number (MPN) eslimates for the specified bacterial poputation (Alef, K. 1995). This analysis was
conducted using procedures described by Alef, K. 1995, Methods in Applied Soil Micrabiology and Biochemistry (Alef, K. and P. Nannipieri, eds.),
Academic Press. San Diego CA.

@ Reporting Limit may vary by sample matrix due to differences in physical and chemical properties in addition to sample prep/analysis methods.
These data are intended to be interpreted in conjunction with the information presented in the cover letter of this report.

Page 3 0of 3
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